A nested polymerase chain reaction (nPCR) assay was developed to determine the presence of a gene encoding a bacteriophage Mu-like portal protein, gp29, in 15 reference strains and 31 field isolates of Haemophilus parasuis. Specific primers, based on the gene's sequence, were utilized. A majority of the virulent reference strains and field isolates tested harbored the gene. The results suggest that the nPCR technique described in the current report could serve as a tool for epidemiological studies of H. parasuis.
. Symptoms of the disease include polyserositis, pericarditis, polyarthritis, and meningitis. 7 Morbidity or mortality has been estimated at 17.4% and 18.4% for nursery-age and grower finisher pigs, respectively (USDA, NAHMS: 2007) .
Based on immunodiffusion assays and differences of virulence in specific pathogen-free (SPF) pigs, 15 designated serovars of reference strains of H. parasuis have been identified. 5 Serovars most prevalent in recent North American outbreaks include serovars 2, 4, 5, 12, and 13. 11, 12 However, up to 41% of H. parasuis isolates from disease outbreaks have been characterized as nontypeable because serovar-specific reagents for these strains are unavailable. 9,10 Therefore, additional methods to identify these isolates are needed.
In 2008, virulent strains of H. parasuis were reported to harbor a bacteriophage of the family Myoviridae, SuMu (NCBI accession no. EU268809 1 ; Zehr ESN: 2008, Relatedness of Haemophilus parasuis strains and their proteins' possible roles as virulence factors. PhD dissertation, Iowa State University, Ames, IA). The virulent H. parasuis strains expressed a Mu-like portal bacteriophage gene, gp29, as determined by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and mass spectrometry (Zehr ESN: 2008). The objective of the current study was therefore to evaluate the presence of the gp29 gene as a virulence marker for H. parasuis reference strains and field strains including nontypeable isolates. Based on the gp29 portal gene sequence, bacteriophage-specific nested primers were designed and used to screen H. parasuis bacteria by polymerase chain reaction (PCR) for the presence or absence of the bacteriophage portal gene.
Tables 1 and 2 describe the H. parasuis strains used in the current study. Reference strains 1-15 a were isolated between 1978 and 1990 5, 8 (Table 1) ; field strains 1-24 b were isolated in 2004 (Table 2) ; field strains 25-29 c were isolated in 1999 ( Table 2) ; and field strains 30 and 31 d were isolated in 1984 and obtained in 1999 ( Table 2) .
All bacteria were propagated in Frey mycoplasma base broth e modified by supplementing with 20% heat-inactivated horse serum f and 0.016% beta-nicotinamide adenine dinucleotide (β-NAD) e at 37°C overnight (V. Rapp-Gabrielson, 1999, personal communication). Purity of the cultures was confirmed using blood agar with a nurse or feeder streak of Staphylococcus aureus as a source of β-NAD and on Casman agar g containing 5% horse serum and 0.016% β-NAD . Primers h used for the nested (n)PCR assay were chosen from the truncated sequence CDS 986..1651 of SuMu_3 of accession no. EU268809, which is homologous to the Mu-like portal protein gene gp29 (COG4383) of enterobacteria phage Mu. The nPCR assay involves a two-step process. 13 A set of outer and inner primers were designed to amplify a 380-bp fragment, followed by amplification of a 181-bp fragment. The forward and reverse primers designed to amplify the outer 380-bp fragment were 5'-TATTCAAGCTCCACGCAATGCGAC-3' and 5'-AACTGTGTCGAGCGAGATTTGTGC-3', respectively. The forward and reverse primers that amplified the inner 181bp fragment were 5'-ATTGACTGTATGGACGCTGTCGGT-3' and 5'-GGCGTAATGGTTCGCCAGTTTGAT-3', respectively. The master mix i for the PCR assay included final concentrations of 1× buffer II containing 60 mM of Tris-HCl (pH 8.5) and 15 mM of (NH , and 5% dimethyl sulfoxide. e The final concentration of each primer was 0.8 pmole/µl, and the concentration of DNA polymerase i was 0.33 U/µl. One µl (7 ng) of amplified j SuMu bacteriophage was used as a control. Bacterial DNA equivalent to approximately 29 ng DNA/25 µl reaction mixture was amplified. A "no template control" was also included.
A modification of nPCR 13 was performed on a commercial PCR system. k Briefly, to obtain the 380-bp fragments, cells were lysed during the first "hot start" step 4 at 94°C for 5 min, and then DNA was amplified using the outer primer pair for 30 cycles of denaturing for 30 sec at 94°C, annealing for 1 min at 59°C, extending for 15 sec at 68°C, followed by a hold step at 4°C. The PCR products were stored at -20°C until analyzed on 1.5% agarose horizontal gels in Tris-borate -ethylenediamine tetra-acetic acid (TBE) buffer, pH 8.3, and detected by ultraviolet light illumination after staining with ethidium bromide. The DNA standard was a 100-bp ladder. l For the second step of the assay, 1 µl of each product containing approximately 53 ng DNA was amplified as described but using the inner primer pair and 69.3°C for the annealing step. The temperatures for this reaction were optimal for this primer pair. 3 Phage DNA containing 85 ng DNA/µl served as a control in the nPCR reaction.
Standard PCR results are shown in Figure 1 . Six of 10 virulent reference strains ( Table 1 ) and 26 of 31 (83.9%) of field isolates ( Table 2) contained the 380-bp amplicon (Fig. 1) . The nPCR results are shown in Tables 1 and 2 and in Figure 2 . The results show that 6 of 10 virulent reference strains ( Table 1) and 28 of 31 (90.3%) of field isolates ( Figs. 1, 2, lanes B, D, and H, respectively), did not amplify the gp29 gene as well as the recent isolate, field strain 23, identified as serotype 2 ( Table 2 ; Figs. 1, 2, lane 23) . Interestingly, reference strain 1 ( Table 1 ; Figs. 1, 2, lane A) , is a highly virulent strain, but did not amplify the gp29 portal protein gene. A possible explanation is that the bacteriophage was lost from the high and low virulence reference strains during numerous passages, because recent bacterial isolates identified as serovar 4 did amplify the Detection of a bacteriophage gene 541 bacteriophage controls were positive for the expected bp products.
In conclusion, the nPCR technique for detection of the gp29 bacteriophage gene of cultures of H. parasuis reference strains and field isolates was compared to the conventional PCR method. The results show that the nPCR technique has greater sensitivity for detecting amplified gene products. 13 For example, it was observed that 2 additional field isolates ( Table 2 ; Fig. 2, lanes 4 and 25) were positive when nPCR conditions were used as compared to the standard PCR reactions. The nPCR method proved useful in differentiating H. parasuis isolates that harbored bacteriophage genes. Since over 90% of the field isolates tested were classified as virulent and were also positive for the SuMu gp29 portal gene, this bacteriophage may contribute to virulence of H. parasuis isolates. This observation is in agreement with reports that Mu-like bacteriophages are thought to carry virulence genes or can induce host expression of virulence genes. 2, 6 The current results suggest that the nPCR assay for the gp29 gene is specific for detecting virulent H. parasuis isolates as the only swine bacteria that harbor Mu-like bacteriophages are H. parasuis 14 (GenBank NZ_ABKM00000000, ctgs_ 1000001-1000246). Taken together, the results suggest that the nPCR technique could serve as a tool for epidemiological studies of H. parasuis. 
